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ABSTRACT

The gravity survey of the Tularosa Valley and adjacent areas is a compilation of 
gravity data acquired from several sources and reduced to the 1971 International Gravity 
Standardization Network datum. In addition, three local surveys were made that helped to 
fill in gaps in the gravity coverage. The resulting complete Bouguer gravity anomaly map and 
first- and third-order polynomial maps exhibit anomalies of great lateral extent and 
amplitudes that exceed 45 mGals.

Five generalized geologic cross sections were constructed and analyzed by the two- 
dimensional method to investigate the thickness of the valley fill in Tularosa Valley and 
Jornada Del Muerto. On the basis of an assumed density contrast of 0.4 Mg/m s between the 
valley fill and the bedrock (pre-Cenozoic and Cenozoic rocks, undivided), the calculated 
depths to the pre-Cenozoic surfaces range from 1,372 to 2,743 m (4,500-9,000 ft).

INTRODUCTION

This report releases the complete Bouguer gravity anomaly map and the geologic inter 
pretation that were discussed by Bath, Healey, and Karably (1977) at the south-central 
meeting of the Geological Society of America in El Paso, Tex. This gravity study was 
reported earlier (Healey, 1976) as a chapter in a comprehensive AFWL (Air Force Weapons 
Laboratory) report. However, the principal facts for the gravity station data were not 
included in the AFWL report. A companion aeromagnetic survey, covering much of this same 
area, was reported by Bath (1976).

This work was accomplished under contract with the AFWL, Kirtland Air Force Base, New 
Mexico. The primary objective was to compile a complete Bouguer anomaly gravity map of the 
Tularosa Valley and adjacent areas by combining the several gravity surveys made in the area. 
As described herein, the Tularosa Valley and adjacent areas is that area in south-central New 
Mexico bounded by lat 32°00' and 34°00' and long 105°45' and 107°00'. The area includes parts 
of Otero, Dona Ana, Sierra, Lincoln, and Socorro Counties (fig. 1).

A comprehensive study of the saline ground-water resources of Tularosa Basin was made by 
McLean (1970). His study also included a compilation of drill-hole data and a generalized 
interpretation of the configuration of the buried pre-Cenozoic rock surface beneath the 
valley. These data were helpful in formulating ideas and guiding the interpretations reported 
herein. The geophysical studies made by Zohdy and others (1969) at the White Sands Missile 
Range were also used.



GRAVITY DATA SOURCES

The gravity data were obtained from the following sources: DOD (Department of Defense, 

Gravity Services Division), St. Louis, Mo., supplied data from their files to begin the 

compilation. Additional gravity data were obtained from Zohdy and others (1969); 

D". L. Peterson (U.S. Geological Survey, unpub. data) on the Holloman and El Paso areas; and 

McLean (1970).

In addition, the DMA (Defense Mapping Agency) conducted three local gravity surveys to 
obtain additional data in areas where they had plans for future projects. The additional 
gravity stations from these three surveys helped to fill in gaps in the gravity coverage. A 
total of 1,236 gravity stations were compiled.

REDUCTION OF DATA

The DOD and DMA gravity data, when received, had been adjusted to the 1971 IGSN 

(International Gravity Standardization Network) (Internation Association of Geodesy, 1971). 

The data from the other sources were also adjusted to this datum.

The principal gravity reference base station was Pendulum Station 767, located at lat 

32°54.T and long 105°57.6'. The observed gravity value (IGSN) at this base is 979,110.4 

mGals (DMA, Topographic Center, written commun., 1975).

None of the data acquired from the above sources had been terrain corrected; therefore, 
individual gravity stations were terrain corrected by hand through zone H (Hammer, 1939), a 
radial distance of 2.615 km. The total terrain correction, out to a radial distance of 166.7 
km, was then determined by the Plouff (1966) terrain correction program. This program 
utilizes two sets of maps (card decks) on which the topography has been digitized in 1x1 
minute and 3x3 minutes of latitude and longitude.

It was not possible to make corrections for Earth tides. Instrument drift corrections 
had presumably been made in the course of reduction to observed gravity by those persons who 
originally acquired the field data.

GENERALIZED GEOLOGIC SETTING

The major structural feature in this area is the Rio Grande rift that extends from 
Colorado into Mexico (Chapin, 1971; Chapin and Seager, 1975; and Woodward and others, 1975). 
The rift zone consists of an ensemble of grabens that includes Tularosa Basin and Jornada 
Del Muerto Basin.

According to Chapin and Seager (1975, p. 318), the early basins of the rift were broad 
downwarps which received several thousand feet of bolson sediments during Miocene time. The 
bolson deposits are characterized by intertonguing of alluvial fan, piedmont slope, and 
alluvial flat/playa facies. Large volumes of basaltic andesite lavas were erupted and 
interbedded with fanglomerates.

In Miocene and Pliocene time, uplifting and block faulting fragmented the broad basins 
and created the modern landscape. Rifting apparently culminated at this time.

Basalt-rhyolite volcanism began about 14 m.y. ago and occurred where major northeast- 
trending lineaments intersected the Rio Grande rift (Chapin and Seager, 1975, p. 311 and 
p. 318).

The Tertiary history of the nearby Dofia Ana County region is reported by Hawley (1975).
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Figure 1.--Index map of New Mexico showing location of the Tularosa Valley gravity survey.



The mountain ranges, uplifted in late Miocene or Pliocene time, rise abruptly from the 
valley floor. These mountain ranges are composed of rocks that range in age from 
Precambrian to Tertiary. The Precambrian rocks are granitic; Paleozoic rocks are predomi 
nantly dolomite, limestone, sandstone, and shale. The Mesozoic rocks are predominantly 
sandstone, shale, and conglomerate. Large bodies of intrusive rocks (of various ages) that 
include stocks, laccoliths, dikes, and sills are present. These rocks are predominantly 
intermediate, calc-alkalic in composition. Tertiary volcanic rocks are predominantly 
andesite, basalt, latite, and rhyolite. Quaternary basalt flows are present in the northern 
parts of Tularosa Valley and Jornada Del Muerto.

The geologic map of New Mexico (Dane and Bachman, 1965) was used to construct the 
geologic base map on which the gravity contours could be superimposed (fig. 2). A reconnais 
sance study of the surficial deposits in Tularosa was made by Fernald (1976). Range-front 
faults mapped by Fernald (1976) are also shown on figure 2.

The above described geologic units are generalized into seven map units on figure 2; 
however, owing to the limited gravity station coverage in such a large area, seven map units 
may be too detailed. For the purpose of this report, only the terms "fill" and "bedrock" 
will be used. "Fill" in this sense will include all the low-density bolson type, valley-fill 
deposits. The term "bedrock" will be understood to include all other rocks.

DENSITY ESTIMATES

Density data are lacking for the Tularosa area; however, generalized estimates of rock 
density values can be made. In an area immediately south of this report area, Mattick (1967, 
p. 90) assigned a value of 2.67 Mg/m3 to the Precambrian rocks and 2.55 Mg/m 3 to the Mesozoic 
and Paleozoic sedimentary rocks. These values are in agreement with density measurements on 
similar rock types in other areas (Berman and others, 1942).

The Tertiary and Cretaceous intrusive rocks and the Tertiary extrusive rocks probably 
have densities similar to the Mesozoic, Paleozoic, and Precambrian rocks described above. For 
the purpose of this report, no attempt will be made to differentiate between these rocks on 
the basis of the gravity data.

The unconsolidated valley fill has a low density and probably accounts for the low- 
gravity anomalies associated with the valley areas. The density contrast difference between 
this material and the older rocks is important to the depth calculations that follow. 
Mattick (1967, p. 90) distinguished three layers in the valley fill. On the basis of seismic 
velocities, he assigned values of 2.15, 2.20, and 2.40 Mg/m3 to these three layers. If these 
three layers are converted to an average vertical value over short lateral distances, density 
contrasts are determined that range from 0.35 Mg/m 3 on the west to 0.52 Mg/m 3 on the east end 
of Mattick 1 s profile. Decker, Cook, Ramberg, and Smithson (1975) used 0.35 Mg/m 3 as the 
density contrast in the Mesilla Basin west of the Organ Mountains.

Zohdy, Jackson, Mattick, and Peterson (1969, p. 18 and fig. 6) report on a density log 
taken in T-14, a 1,833-m (6,015-ft) deep hole drilled by the Corps of Engineers near White 
Sands Headquarters. On the basis of this density log data, they assumed a density contrast 
of 0.50 Mg/m 3 between the fill material and the underlying pre-Cenozoic rocks.



In the interpretations that follow, density contrasts of 0.40 and 0.50 Mg/m3 are 
assumed. These contrasts are consistent with the density data cited above. The 0.50 Mg/m 3 
contrast should yield a calculated depth value that might be considered a minimum depth. 
However, the 0.40 Mg/m 3 may not yield a maximum depth; the actual density contrast could be 
0.35 Mg/m 3 or even less in various places.

COMPLETE BOUGUER MAP

Although figure 2 encompasses a larger area, the following discussion will be confined 
to Tularosa Valley, the northern part of Jornada Del Muerto, and the adjacent mountains. The 
very sparse gravity coverage beyond these places does not fully define the gravity anomalies 
and will not be discussed.

Figure 2 exhibits several impressive anomalies. A major gravity high trends northward 
along the mountains west of the Tularosa Valley. This high enters the map from the south, 
extends through North Anthonys Nose, Bishop Cap, Organ Mountains, San Andres Mountains, and 
off the map north of the Oscura Mountains. Although not as well defined, gravity highs occur 
over the Sacramento Mountains, Sierra Blanca, and Carrizo Mountain along the east side of the 
map. A third major high extends northward from the Hueco Mountains through the Jarilla 
Mountains to a point southwest of Alamogordo. This high is associated with the band of pre- 
Cenozoic and Cenozoic bedrock that crops out through the fill in Tularosa Valley. A long, 
narrow saddle separates this high from the one associated with the single outcrop of bedrock 
west of Tularosa.

A major gravity low occurs in Tularosa Valley. This low enters the map from the south 
(at Newman) and trends northward throughout the entire length of the valley. West of Three 
Rivers this low curves eastward and then southeastward through Tularosa and continues approxi 
mately 24 km south of Alamogordo.

A major gravity low occurs west of the Oscura Mountains at the north end of Jornada Del 
Muerto.

RESIDUAL GRAVITY MAPS

As part of the gravity study, two residual maps were constructed. First- and third- 
degree polynomial surfaces were calculated and removed from the gravity data. The resulting 
first-order surface residual map is shown on figure 3 and the third-order surface residual 
map on figure 4. The calculated polynomial surfaces are shown superimposed on each map as 
heavy contours. The contours are shown on both maps with a 5-mGal contour interval.

The major anomalies shown on the complete Bouguer map (fig. 2) are also shown on figures 
3 and 4. In some instances, anomaly amplitudes are modified somewhat, but the general shape 
and trends are maintained in the residual data.

These two residual maps are presented to document for the AFWL our gravity study of the 
Tularosa Valley. However, neither map will be discussed in detail.



INTERPRETATION OF ANOMALIES

Woodward and others (1975) Indicate range-front normal faults (down to the east) along 
the west side of the Tularosa Valley on their tectonic map of the Rio Grande region. It is 
indicated that these faults continue the full length of the valley. A normal fault (down to 
the west) that trends northward and is located near the center of the valley is also indi 
cated. Range-front normal faults (down to the west) are shown along the Sacramento and 
Oscura Mountains. Range-front faults mapped by Fernald (1976) and those reported by Dane and 
Bachman (1965) are shown by a distinctive symbol on figure 2.

Inspection of the gravity anomalies indicates that major normal faults do occur around 
the valley. The steep gradients in the gravity data along the range fronts are indicative of 
faulting. Immediately south of this report area, Mattick (1967) reported on a combined 
seismic and gravity survey from the Hueco Mountains to the Franklin Mountains (in Texas just 
south of the 32° line). Mattick reported a major normal fault east of the Franklin Mountains 
and 2,743 m (9,000 ft) of unconsolidated fill in the trough between the mountains.

Preliminary two-dimensional analyses were made at several places across the valley, using 
an iterative computer program HOLLIN written by R. R. Wahl. HOLLIN is based on a combination 
of two-dimensional iterative programs described by Bott (1960) and Negi and Garde (1969) and 
on an algorithm of Cordell and Henderson (1968). The program assumes that the geologic 
structure can be rec-esented by prisms that are rectangular in cross section and that are of 
very long length nonvial to the profile. The prisms can be assigned individually different 
density contrasts. The height of any prism can be fixed on the basis of drill hole or outcrop 
information. The initial prism height is determined from the infinite slab formula 
(Nettleton, 1940, p. 114), which is based on the assumption that the residual anomaly (that 
is, the difference between the regional gradient and the complete Bouguer gravity profile) is 
caused by an horizontal slab of infinite extent. Subsequent iterations use the ratio between 
the observed and calculated gravity values above each prism to adjust the prism heights 
(Cordell and Henderson, 1968). Usually five to eight iterations are required to achieve the 
proper fit. The calculated elevations of the prism bottoms are then plotted to determine the 
subsurface profiles shown on figure 5.

Input parameters include the average ground surface elevation, the residual gravity, and 
the density contrast (Ap) for each prism. Over outcropping bedrock, the prism height was set 
to 0. If drill-hole control is available, the bottom of the prism at that hole is set to the 
depth of basement rocks in the drill hole.

The resulting interpretations, of course, depend on the assumption about the density 

contrast the greater the contrast, the less the structural relief. The results of these two- 

dimensional analyses are shown as six generalized geologic cross sections on figure 5. The 

location of each cross section is shown on figure 2. Although each cross section was calcu 

lated using density contrasts of 0.5 and 0.4 Mg/m 3 , only the 0.4 Mg/m3 interpretation is 

shown.

For interpretative purposes, the regional gradient was taken as a straight line projected 
between areas of outcropping bedrock. The complete Bouguer anomaly values over these outcrops



determined both the slope of the regional gradient and the zero value. The residual gravity, 
described above, was then taken as the difference between the regional gradient and the 
complete Bouguer profile. Over outcropping bedrock, the residual gravity values are zero or 
nearly zero. All residual values are negative.

Line A-A 1 (figs. 2 and 5) extend northeastward from a point near North Anthonys Nose to 
northeast of Newman. The maximum depth calculated to the pre-Cenozoic surface Is 2,438 m 
(8,000 ft) near the center of the valley. Two faults are implied, by the interpretation, 
near the west end of the line A-A 1 . The interpretation indicates a uniform dip slope, or 
unresolved step faults, away from the bedrock outcrop at the east end of the line.

Line B-B 1 (figs. 2 and 5) extends from the southern San Andres Mountains to the Jarilla 
Mountains and duplicates a cross section by Zohdy, Jackson, Mattick, and Peterson (1969, 
fig. 8). The maximum depth calculated to the pre-Cenozoic surface from the 0.5 Mg/m3 con 
trast agrees with the 1,829-m (6,000-ft) depth reported by Zohdy, Jackson, Mattick, and 
Peterson (1969), who also assumed an 0.5 Mg/m 9 contrast. However, from the 0.4 Mg/m 9 con 
trast, the calculated depth of 2,073 m (6,800 ft) might be more applicable as this subsurface 
configuration plots below the depth penetrated by T-14. Drill hole T-14 bottomed In uncon- 
solidated fill at 1,833 m (6,015 ft). A major fault (or faults) is indicated on the west end 
of line B-B 1 .

Line C-C 1 (figs. 2 and 5) extends from the San Andreas Mountains across the valley to the 
Sacramento Mountains. The gravity high, seemingly a buried extension of the Jarilla 
Mountains structural high, associated with the outcropping bedrock southwest of Alamogordo 
effectively divides the valley into two basins. The interpreted maximum depth on the west 
side is 1,737 m (5,700 ft). Four faults are shown near the west side of the valley and a 
single fault is shown west of the mid-valley gravity high.

A spectacular range-front fault is shown adjacent to the Sacramento Mountains in the 
eastern basin. Here the valley fill is calculated to be 2,743 m (9,000 ft) thick.

Line D-D 1 (figs. 2 and 5) extends from the San Andres Mountains northeastward through 
Tularosa and into the Sacramento Mountains. The same Jarilla Mountains extension-gravity 
high associated with the bedrock that crops out southwest of Tularosa also divides the valley 
into two basins along this line. The west basin is conspicuous by the apparent lack of major 
faults. The basin appears to deepen along a sloping pre-Cenozoic rock surface rather than 
along fault scarps. However, unresolved step faults may be present here also. The calcula 
ted maximum depth is 1,890 m (6,200 ft). The eastern basin is narrow and relatively deep. 
It appears to be fault controlled on both sides. The calculated maximum thickness is 1,372 m 
(4,500 ft).

Line E-E 1 Cfig. 2) extends from the northern San Andres Mountains to a point south of 
Oscura. The interpretation of this line was reported in detail by Healey (1976, p. 120, 
figs. 6.3, 6.7, 6.8, 6.9) and is not repeated here. This line was interpreted using a 
density contrast 0.35 Mg/m3 to give what might be considered maximum depths. The interpreta 
tion indicated the valley fill is 1,829 m (6,000 ft) thick at the deepest point. Major 
range-front faults are also shown by the interpretation along this cross section.



Line F-F 1 extends eastward from a point southeast of Little San Pasqual Mountain to 
the Oscura Mountains (figs. 2 and 5). This line crosses the deep gravity low that 1s west 
of the Oscura Mountains. The Interpreted valley-fill thickness (0.4 Mg/m3 ) 1s 2,896 m 
(9,500 ft). Several faults are Indicated by the interpretation the major one Is located at 
about long 106°30'. On the west, two faults appear to step the basin down eastward. On the 
east, four faults step the basin down westward.

These interpretations, although unverified, are presented to give some Idea as to the 
possible thickness of the unconsolidated valley fill in Tularosa Valley and Jornada Del 
Muerto. When compared with the drill-hole data and with selsmically determined values 
reported by Mattick (1967), these thicknesses appear to be reasonable. This Interpretation 
of the subsurface structure of the Tularosa Valley substantiates the interpretation of Zohdy 
and others (1969) and McLean (1970). However, this Interpretation leads to slightly greater 
thickness of fill than that estimated by Zohdy, Jackson, Mattick, and Peterson (1969).

CONCLUSIONS

The complete Bouguer gravity anomaly map, together with the first- and third-order 

residual maps, displays large low-gravity anomalies that reflect the great thickness of 
sedimentary fill in Tularosa Valley and in adjacent areas. The mountains and other areas 
where the dense bedrock crops out have associated gravity highs. The low-density unconsoli 
dated valley fill has associated gravity lows. The amplitude of these anomalies exceeds 
45 mGals in places.

Assumptions were made to determine the probable density contrast between the pre-Cenozoic 
rocks and the valley fill. Zohy, Jackson, Mattick, and Peterson (1969) indicated a value of 
0.5 Mg/m3 from their work. Mattick (1967) presented data that indicated a possible lateral 
change in the density contrast from west to east. This change could range from 0.35 to 
0.52 Mg/m 3 . Without definite data in each local area, we decided to adopt a density contrast 
of 0.4 Mg/m3 . In an earlier report (Healey, 1976), an interpretation along line E-E 1 was 
presented where the assumed density contrast was 0.35 Mg/m3 . These contrasts are within the 
range of possible values indicated by available data. The valley-fill thickness ranges from 
1,402 to 1,981 m (4,600-6,500 ft), based on the unreported 0.5 Mg/m 3 contrast. Thicknesses 
calculated from the 0.4 Mg/m 3 contrast range from 1,737 to 2,743 m (5,700-9,000 ft). These 
latter values are thought to be more representative of the true valley-fill thicknesses.

In places around the valley, the gravity anomaly may not be fully defined owing to a lack 
of gravity stations. In many areas, gravity stations are lacking in the transitional zone 
between the valley and the mountains. Because of this, the range-front fault anomalies may 
not be well defined locally.

The gravity high that extends from the Hueco Mountains through the Jarilla Mountains to 
a point southwest of Alamogordo is not well defined. Additional stations in all the ranges 
would be beneficial. New data in any of these areas could alter the contouring locally. 

However, because of the magnitude of the major anomalies, local changes would not signifi 
cantly alter the anomaly pattern.



PRINCIPAL FACTS FOR GRAVITY STATIONS

The principal facts for the Tularosa Valley gravity stations are listed 1n table 1. 
Abbreviations for the column headings on each page of tabulated data are described below:

Column heading 
of table 1

STATION 
LATITUDE

LONGITUDE

ELEV 

OBS GRV 

FA 

SB 1

SB 2

CC 

TC

TER

(NEAR)

TOT 

CB 1 

CB 2

ACC 

STA

Definition

Gravity station number.
North latitude 1n degrees, minutes, and hundredths

of minutes. 
West longitude 1n degrees, minutes, and hundredths

of minutes.
Elevation of station, 1n feet. 1 
Observed gravity, 1n mGals. 
Free-air anomaly, 1n mGals. 
Simple Bouguer anomaly In mGals (reduction density

of 2.67 Mg/m 3 ). 
Simple Bouguer anomaly in mGals (second reduction
density of 2.60 Mg/m 3 ). 

Curvature correction, in mGals. 
Hand-terrain correction computed through zone H of

the Hammer (1939) system. 
Total computer-determined terrain correction, in

mGals, carried out to a radial distance of 166.7
km. 

Part of total terrain correction that represents
contribution of compartments that intersect the
circular inner radius. 

Total terrain correction (hand plus computer values),
in mGals. 

Complete Bouguer anomaly, in mGals, at the reduction
density of 2.67 Mg/m 3 . 

Complete Bouguer anomaly, in mGals, at the second
reduction density of 2.60 Mg/m3 . 

No significance in this listing. 
Repeat of the gravity station number.

foot=0.3048 m



Table 1.--Principal facts for gravity stations 1n Tularosa Valley and adjacent areas

SUMMARY FOR 1,236 STATIONS FOR TULAROSA VALLEY GRAVITY

COMPUTER TERRAIN CORRECTIONS CARRIED FROM NONCIRCULAR INNER RADIUS OF 

2:615 TO 166.7 KM.. DENSITIES ARE 2.67 AND 2.60 Mg/ln s . DENSITY OF 

2.67 Mg/ms IS USED FOR VALUES IN COLUMNS LABELED CC, TC, TER, (NEAR), 

TOT; TC-HAND CORRECTION, AND TER=TOTAL COMPUTER CORRECTION. (NEAR)= 

PART OF TOTAL THAT REPRESENTS CONTRIBUTION OF COMPARTMENTS THAT 

INTERSECT INNER CIRCULAR RADIUS. TOT=HAND PLUS COMPUTER TERRAIN.

10
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